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There is a paucity of information correlating the angio-
graphic findings immediately after myocardial infarction
with the clinical status before infarction. Therefore, the
coronary anatomy, collateral circulation and quantita-
tive left ventricular function were studied in 39 patients
who underwent angiography within 3 weeks of a first
transmural myocardial infarction. In all patients, the
vessel supplying the infarct was totally occluded at the
time of angiography.
Patients without angina before infarction (Group I)
had fewer coronary obstructions than did patients with
a long history of angina before infarction (Group II)
(1.5 ± 0.5 versus 2.5 ± 0.5, respectively, p < 0.001)
but worse overall and regional left ventricular function.
These paradoxical differences between Groups I and II
were evident in patients with anterior as well as inferior
infarction.
Patients in Group I had significantly lower collateral
scores than did patients in Group II (0.6 ± 0.8 versus
Myocardial infarction may be the first manifestation of coro-
nary artery disease or it may be preceded by angina pectoris.
Although the absence of angina pectoris before infarction
may be associated with single vessel coronary disease, its
presence before infarction is often a sign of multivessel
disease (l). However, there are few data correlating the
angiographic findings immediately after infarction to the
clinical status before the infarction. Therefore, the coronary
anatomy, collateral circulation and quantitative left ventric-
ular function were examined in a consecutive group of pa-
tients undergoing angiography within 3 weeks of their first
transmural myocardial infarction.
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1.9 ± 0.9, respectively, p < 0.0001) and 13of 22 patients
in Group I had no collateral vesselscompared with only
1 of 17 in Group II (p < 0.001). Partial preservation of
anterior wall function in Group II patients with anterior
infarction was related both to the presence of collateral
vessels and to the more distal obstruction of the left
anterior descending coronary artery in these patients as
compared with patients with anterior infarction in Group
I. In contrast, in patients with inferior wall infarction,
no relation could be found between the presence of col-
lateral vessels and regional left ventricular function, al-
though only two patients in this series with inferior in-
farction did not have collateral vessels. Therefore, the
differences between the number of coronary obstructions
and left ventricular function are in part related to the
protective effects of collateral vessels, especially in pa-
tients with anterior infarction.
(J Am Coli CardioI1985;5:619-24)
Methods
Patients. Between May 1979 and December 1981, 80
consecutive patients underwent coronary arteriography and
left ventricular angiography within 3 weeks of a first trans-
mural myocardial infarction. This represents a consecutive
series of patients admitted with transmural infarction who
consented to undergo cardiac catheterization. The decision
for catheterization was made independent of the clinical
status of the patient after infarction, although all patients
with severe heart failure or cardiogenic shock (Killip class
III or IV) were excluded from the study. Infarction was
diagnosed by a typical history of prolonged chest pain,
elevated serum enzymes and the development of diagnostic
Q waves. Angina pectoris was defined as the presence of
typical retrosternal chest pain or chest discomfort brought
on by exertion or stress and relieved by rest. No patient had
a prior history of nontransmural infarction.
Patients were classified in either Group I, having no
history of angina before infarction or a brief history of
0735-1097/85/$3.30
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Figure I. Methodsto analyzeleft ventricular function. Top, End-
diastolic and end-systolic silhouettes with computer-drawn radial
chordsina patientwithanteroapical infarction. Five leftventricular
segments were analyzed, and each segment contained five radii.
Bottom, Graphic representation of the percent fractional short-
ening of the 25 radii in the same left ventricle (LV). The dotted
line gives the normal values for the percent fractional shortening.
RAO =: right anterior oblique.
4 + I + I + I = I I. The values for normal fractional
shortening were obtained by computirig the percent left ven-
tricular shortening in 10 patients with normal coronary ar-
teries and normal left ventricular function who underwent
cardiac catheterization because of atypical chest pain .
Overall left ventricular ejection fra ction was calculated
as:
Collateral vessels were graded from 0 to 3 according to
the following method modified from Levin and Carroll et
al. (4.5) : 0 = no collateral vessels; I = threadlike , poorly
opacified collateral vessels with only faint visualization of
the distal vessel; 2 =: collateral channels which were be-
tween grades I and 3; 3 = large, brightly filled collateral
channels with good and prompt visualization of the entire
distal vessel ; the lumen of the distal vessel had to be greater
than 1.0 mm.
Statistical analysis. Patients without a history of angina
(Group I) were compared with patients with a history of
angina before infarction (Group II) using the Student's t test
and chi-square analy sis. The relation between collateral
channel s and ventricular function was tested using one-way
analysi s of variance. Mean values were compared using
Duncan's multiple range test.
angina before infarction (beginning within 2 weeks of the
infarction), or Group II, having a history of angina for at
least I month before infarction (range I month to 8 years).
Patients with a brief history of angina before infarction
historically had an unstable pattern of angina, while all
patients in Group II had stable angina before infarction. In
all patients , written consent was obtained before each study .
Of the 80 patients studied, 39 were entered into the final
analysis. There were 22 patients in Group I and 17 patients
in Group II. No patient had recurrent angina or infarction
between the time of transmural infarction and angiography.
Thirty-four patients were eliminated from the study because
the infarct vessel was not totally occluded. A vessel that is
not totally occluded complicates the analysis of collateral
blood flow since it is difficult to ascertain the contribution
of the collateral circulation from that of the native vessel
(2). Seven additional patients with an infarct in the distri-
bution of the left circumflex artery were also excluded be-
cause left anterior oblique ventriculograms were not per-
formed. In these patients , detailed left ventricular analysi s
of the extent of infarction was not possible.
Angiographic analysis. Angiography was performed in
standard fashion utilizing either the Sones or Judkins tech-
nique. All studies were performed within 3 weeks after
infarction. Both coronary arteries were visualized in mul-
tiple projections . A significant obstruction was defined as
narrowing of 50% or more of a major coronary artery branch.
Left ventricular angiography was performed in the right
anterior oblique projection with the injection of 40 cc of
contrast medium. Coronary arteriograms and left ventricular
angiograms were recorded on 35 rom cine film at 30 frames/so
Quantitative left ventricular angiography was performed
by computerized analysis in the following fashion. Left ven-
tricular end-diastolic and end-systolic frames were identi-
fied. An external reference was used to superimpose the
end-diastolic and end-systolic silhouettes according to the
method of Baxley et al. (3) . Twenty-five equidistant radii
were drawn from the mid-point of the end-diastolic long
axis to the contour border. Five left ventricular segments in
the right anterior oblique view were identified: anterobasal ,
anterolateral, apical , diaphragmatic and posterobasal (Fig .
I) . Each of these five segments contained five radii.
The wall motion of each segment was scored from 1 to
5 according to the mean percent fractional shortening of
each segment: I = normal wall motion (fractional short-
ening > 25%); 2 = moderate hypokinesia (fractional short-
ening of 15 to 25%); 3 = severe hypokinesia (fractional
shortening of 5 to 14%); 4 = akinesia (fractional shortening
of 0 to 4%); and 5 = dyskinesia (fractional shortening
< 0% ). For example, if the left ventricle had normal func-
tion, each segment received a score of I and the total left
ventricular score was 5. If the anterolateral and apical areas
were akinetic and the remaining three segments were nor-
mal, the overall score in the left ventricle would be 4 +
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Table 1. Angiographic Characteristics in 39 Patients
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No. of vessels with significant obstruction
Infarct vessel
LAD
RCA
One vessel CAD
Two vessel CAD
Three vessel CAD
LV score
LV ejection fraction (%)
LVend-diastolic pressure (mm Hg)
Group I
(n = 22)
1.5 :t 0.5
13
9
10
12
o
12.0 :t 2.5
46.4 1: 10.6
19 .7 1: 7.9
(p < 0.(001)
(p < 0.01)
(p < 0.0 1)
(p < 0.000 1)
(p < 0.01)
(p < 0.0 5)
Group II
(n = 17)
2.5 + 0.5
6
I I
o
8
9
8.2 1: 1.4
63.0 :!: 9. 1
14.6 :!: 6.0
CAD = coronary artery disease; LAD = left anterior descending coronary artery ; LV = left ventricular;
RCA = right coronary artery.
Results
Of the 22 patient s in Group I, l5 had no angina before
infarction while 7 had a brief history of angina . In Group
II, the mean duration of angina was 22 months. Patients in
Group I were younger than patients in Group II (5 l. l ±
lO.3 versus 56.6 ± 7.6 years, respect ively), but the dif-
ferences were not significant (p < O. l, > 0 .05). One patient
in Group I was receiving long-term beta-receptor or calcium
channel blocking therapy, or both , while eight patients in
Group II were taking these medic ations on a long-term basis
(p < 0 .0 1). Two additional pat ients in Group II were re-
ceiving nitrate therapy alone .
Coronary anatomic findings (fable 1). Patients in Group
I had less significant coronary artery disease as defined on
angiography by the number of vessels involved than did
patient s in Group II (1.5 ± 0 .5 versus 2.5 ± 0.5, respec-
tively , p < 0.00l). Of the 22 patients in Group I, 10 had
single vessel coronary disease, but no patient had triple
vessel coro nary artery disease . In Group II, no patient had
single vesse l disease , while 9 of 17 had triple vessel disease.
Nineteen patients in the entire study group had occlu sion
of the left anterior descend ing artery . Twelve pat ients had
a proximal left anterior descend ing coro nary artery occl u-
sion (before the first septal perforator ), and seve n patients
had mid-left anterior descend ing occl usion (between the first
Table 2. Anterior Versus Inferior Infarction
septal and second diagonal branch ). Five of the six patients
in Group II with left anterior descending coronary artery
obstruct ion had occlusion in the mid-left anterior descending
coronary artery compared with 2 of 13 patients in Group I
with left anterior descending coronary obstruction (p < 0.0 1).
Left ventricular function. Despite less coronary vessel
involvement in patients in Group I, left ventricular function
was significantly worse in these patient s than in patients in
Group II (Table I). Overall left ventricular scores were
12.0 ± 2.5 in Group I versus 8 .2 ± 1.4 in Group II (p <
0 .00 I). This was consistent with the significantly lower
values for ejection fraction in patients in Group I as com-
pared with patients in Group II. In addition, left ventricular
end-dias tolic pressure was also significantly higher in pa-
tients in Group I than in Group II.
Regional analysis ofleft ventricular f unction. On further
analysis of left ventricular function in Groups I and II, 12
of 22 patients in Group I had akinetic or dyskinetic left
ventricular segments in the distribution of the infarct vessel,
while such segments were seen in only 1 of 17 patients in
Group II (p < 0.000l). Within Group I, there were no
differences in any angiograph ic variable between patient s
without angina before infarction and patients with a brief
history of angina before infarct ion .
Patients were also subdivided according to the site of
inf arction (Table 2). There were 19 patients with occlusion
No. of patients
No. of vessels with
significant obstruction
Overall LV score
Anterior wall score
Posterior wall score
Anterior Infarction Inferior Infarction
Group [ Group II Group I Group II
13 6 9 II
1.4 1: 0.4 (p < 0.(01) 2.5 :t 0.5 1.8 1: 0.4 (p < 0.(05) 2.5 1: 0.5
12.8 :t 2.0 (p < 0.0(01 ) 8.0 1: 1.4 10.7 1: 2.8 (p < 0.(05) 8.3 :t 1.4
9.7 1: 1.5 (p < 0.0(01 ) 5.5 :t 1.4
5.8 1: 1.6 (p < 0.05) 4.5 :!: 1.2
LV = left ventricular .
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Table 3. Collateral Circulation Score
Group I Group II
Overall collateral 0.6 ± 0.8 (p < 0.0001) 1.9 ± 0.9
scores
Collateral scores in 0.2 ± 0.4 (p < 0.001) 1.5 ± 1.0
anterior infarction
Collateral scores in 1.3 ± 0.9 (p < 0.05) 2.1 ± 0.7
inferior infarction
Distribution of
collateral vessels
No collateral vessels 13 of 22 (p < 0.001) I of 17
No or grade I 17 of 22 (p < 0.005) 5 of 17
collateral vessels
Grade 2 or 3 5 of 22 (p < 0.005) 12 of 17
collateral vessels
of the left anterior descending artery and anterior infarction
and 20 patients with occlusion of the right coronary artery
and inferior wall infarction. When the angiographic data
were analyzed according to the location of infarction, these
same significant differences existed between patients with
or without angina. Patients with a history of angina before
either anterior or inferior infarction (Group II) had signifi-
cantly more coronary artery obstructions and better overall
left ventricular function than did patients with either anterior
or inferior infarction in Group I.
Regional left ventricularfunction was also computed (Ta-
ble 2). An anterior left ventricular score was derived in
patients with anterior infarction. This score was the sum of
scores in the anterobasal, anterolateral and apical segments.
The 13 patients in Group I with anterior infarction had a
significantly higher anterior score (worse left ventricular
function) than did the 6 patients in Group II with anterior
infarction. In patients with inferior infarction, a posterior
wall score was also determined, which was the sum of the
scores in the posterobasal and diaphragmatic segments. As
in patients with anterior infarction, the 9 patients in Group
I with inferior infarction had a significantly higher posterior
wall score (worse left ventricular function) than did the II
patients with inferior infarction in Group II. However, in
patients with inferior infarction, the differences in left ven-
tricular function between Group I and Group II patients were
not as striking as in patients with anterior infarction.
Collateral scores (Table 3). Collateral vessels were sig-
nificantly more developed in Group II than in Group I
(1.9 ± 0.9 versus 0.6 ± 0.8, respectively, p < 0.(01).
The differences in collateral development between Groups
I and II were present for both anterior and inferior infarction.
Thirteen of the 22 patients in Group I had no collateral
vessels as compared with I of 17 in Group II (p < 0.001).
Grade 2 or 3 collateral vessels were present in 5 of 22
patients in Group I compared with 12 of 17 patients in Group
II (p < 0.005). Therefore, patients in Group II not only had
better left ventricular function and more coronary obstruc-
tion than those in Group I, but also had greater develop-
mental collateral vessels.
Collateral vessels and left ventricular function (Table
4). Because of the apparent relation between a prior history
of angina, the presence of collateral vessels and the pres-
ervation of left ventricular function after infarction, the re-
lation between collateral vessels and regional left ventricular
function was further analyzed. Among all patients with an-
terior infarction, those with any collateral vessels had sig-
nificantly better anterior wall scores than did those without
collateral vessels. Among patients with inferior infarction,
only two patients did not have collateral vessels. We were
unable to show any significant relation between the presence
or absence of collateral vessels and inferior wall scores in
these patients.
Percent fractional shortening (Fig. 2). The better left
ventricular function scores in patients with anterior infarc-
tion in Group II may have been related to the presence of
collateral vessels. However, since these patients in Group
II had predominantly mid-left anterior descending occlu-
sion, any differences in left ventricular function between
Groups I and II could have been attributed to the site of
occlusion rather than the presence of collateral vessels.
Therefore, we also examined the relation between collateral
Table 4. Collateral Vessels and Regional Left Ventricular Function
Anterior Infarction
Mean Ant.
No. LV score No.
No collateral vessels 12 9.7 2
(p < 0.001)
Any collateral vessels 7 6.1 18
No or grade 1 16 8.9 6
collateral vessels
(p < 0.02)
Grade 2 or 3 3 5.3 14
collateral vessels
LV = left ventricular.
Inferior Infarction
Mean Inf.
LV score
6.5
(p = NS)
4.9
5.8
(p = NS)
4.7
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Figure 2. A graphic representation of the percentfractional short-
ening of the anterolateral segment in patients with proximal and
mid-left anterior descending (LAD) coronary occlusion. In the
proximal left anteriordescending group, two of three patients with
collateral vessels had fractional shortening greater than 10%. In
the group with mid-left anterior descending coronary occlusion,
the four patients with collateral vessels had normal shortening,
while the three patients without collateral vessels had diminished
shortening.
vessels and the percent fractional shortening in the antero-
lateral wall segment. This segment was chosen because it
subserved vessels with both proximal and mid occlusions
of the left anterior descending artery. Of the seven patients
with mid-left anterior descending occlusion, four had col-
lateral vessels. These four patients had normal fractional
shortening of this segment (>25%), while in the other three
without collateral vessels, fractional shortening was de-
creased (1.6, 10 and 12.2%, respectively). Of the 12 patients
with proximal occlusion of the left anterior descending ar-
tery, only 3 had collateral vessels. Two of the three with
collateral vessels had fractional shortening greater than 10%.
Of the nine patients without collateral vessels, fractional
shortening was less than 10% in all. These data suggest that
collateral vessels can provide at least partial protection in
patients with anterior infarction. Collateral protection ap-
pears to be better when the territory of supply is small.
Therefore, wall motion was better preserved in patients with
occlusion of the mid-left anterior descending coronary artery
than in patients with proximal occlusion of this vessel.
Discussion
Our data suggest that patients with a history of angina
pectoris before myocardial infarction are different angio-
graphically from patients either without a history of angina
or with only a brief history of chest pain before infarction.
Patients with a history of angina for at least I month before
their cardiac event have more extensive coronary artery
disease and better collateral circulation, but a smaller infarct
than do patients without a history of angina. These differ-
ences can be shown in varying degrees for both anterior and
inferior infarction.
Protective effect of previous angina. The "protective
effects" of a history of angina pectoris were most evident
in patients with anterior infarction. Even though some of
the differences in left ventricular function in anterior in-
farction were probably related to the more distal site of left
anterior descending coronary occlusion in patients with a
history of angina, the collateral circulation also appears to
be important in limiting infarct size in this group (Fig. 2).
The presence of more extensive coronary artery disease in
patients with a previous history of angina was probably the
stimulus for collateral formation (6,7). We suspect that a
severe stenosis predating coronary occlusion in these pa-
tients was responsible for their angina and also encouraged
the formation of collateral vessels.
The protective effects afforded by collateral vessels in
preserving left ventricular function have been demonstrated
previously (4,8). These data support the recent findings of
Nohara et al. (9), who found that nonjeopardized collateral
vessels were important in preserving left ventricular function
immediately after myocardial infarction. Regional protec-
tion by collateral vessels has also been previously reported.
Most studies (7,10, II) have shown that collateral circulation
to the right coronary artery is more likely to provide pro-
tection than collateral circulation to the left anterior de-
scending artery. The present study seems to indicate a role
for collateral vessels in preserving anterior as opposed to
inferior wall function. In patients with anterior infarction,
the presence of any visible collateral vessels was sufficient
to partially preserve left ventricular function (Table 4).
However, because only two patients in the group with in-
ferior infarction did not have collateral vessels, the data
should not be construed as indicating that collateral vessels
to the right coronary artery do not protect in inferior wall
myocardial infarction. A study of a larger number of patients
will be necessary to prove or disprove this point.
Study limitations. The time course of collateral devel-
opment after acute coronary occlusion in human beings is
unknown (12). Blumgart et al. (13) showed experimentally
that collateral vessels require about 7 weeks to become
functionally adequate. Since patients in our study did not
undergo angiography during the acute stage of infarction,
the extent of collateral development at the time of infarction
is unclear. We are assuming, as in nearly all angiographic
studies of collateral vessels, that there is a direct relation
between the presence of collateral vessels at the time of
angiography and the extent of left ventricular dysfunction.
The collateral vessels visualized in our study must either
have preceded the infarction or have been present in the
microcirculation before infarction and become visible only
after coronary occlusion had decreased resistance in the
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distal coronary bed. It is unlikely that their appearance was
fortuitous since it would be difficult to explain the significant
relations of collateral vessels to both a history of previous
angina and preserved left ventricular function after infarc-
tion. In addition, angiographically visible collateral vessels
represent only a fraction of the total collateral network.
However, there is no way to assess these other vessels.
These data are not applicable to all patients with myo-
cardial infarction. Acute angiographic studies in patients
with myocardial infarction have shown that up to 33% of
patients do not have a totally occluded coronary vessel at
the time of infarction and that recanalization is not uncom-
mon within days to weeks after the infarction (14,15).
Therefore, a large number of our original study group was
initially eliminated because the infarct vessel was not totally
occluded at angiography. We feel that this was justifiable
since it would otherwise be difficult to evaluate the role of
the collateral circulation . Patients with occlusion of the left
circumflex artery were also not considered in this analysis
because of the inability to accurately assess left ventricular
function. Furthermore, as the sickest patients were excluded
from study, these data may be applicable only to patients
with myocardial infarction who survive to the second or
third week.
Conclusions. The presence of angina for at least I month
before anterior or inferior wall infarction is associated with
more extensive coronary artery disease, better collaterali-
zation and smaller myocardial infarction than are found in
patients without a history of angina or with only a brief
history of angina before infarction . In patients with prior
angina and anterior infarction, this partial preservation of
left ventricular function may be related not only to the pres-
ence of coronary collateral vessels, but also to the more
distal coronary artery occlusion. Patients with inferior wall
myocardial infarction and a history of angina also tended
to have a smaller infarct, but this may be unrelated to the
presence or degree of visualized collateral vessels. This
suggests that other factors not accounted for in this study
must also be important determinants of left ventricular func-
tion after infarction. These would include the coronary sup-
ply versus oxygen demand ratio at the time of infarction ,
the presence of total coronary occlusion and the degree of
coronary collateralization at the onset of infarction. It is
conceivable that the more frequent use of antianginal med-
ications in Group II patients before infarction may have
been partially responsible for their smaller infarct.
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